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Parvalbumin mRNA was assayed by Northern blot analysis in muscles from normal and dystropic (mdx) mice. Its content was found to be 
specifically higher in mdx fast muscles than in control preparations. This suggests an increased expression fthe protein in dystrophin-lacking fast 
fibres. A possible role in calcium homeostasis is discussed. 
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1. INTRODUCTION 
Muscles from mdx mice and from Duchenne dystro- 
phy patients are deficient in dystrophin [1], a cytoskel- 
etal protein associated with the plasma membrane [2,3]. 
The very benign manifestations of the dystrophy in mice 
sharply contrast with the severe and life-threatening 
evolution in humans [4,5]. It is of considerable interest 
to understand the reason(s) of this difference. It has 
been reported that spontaneous proteolysis was higher 
in mdx muscle [6], that it could be reduced to normal 
rate if the external Ca 2+ concentration was reduced, and 
exaggerated by increasing Ca z+ [7]. This led to the hy- 
pothesis that dystrophin-lacking fibres suffer from a 
chronic Ca overload, resulting in the activation of Ca- 
dependent proteases [7,8]. Indeed, the total Ca content 
ofmdx muscle is about doubled [9,10], but as far as the 
cytosolic Ca 2+ concentration is concerned, reports are 
contradictory [7,11 13]. 
Duchenne dystrophy predominantly affects fast gly- 
colytic [14], type IIb, muscle fibres which are progres- 
sively replaced by oxidative type I and IIa fibres. This 
phenomenon, though present, is much less pronounced 
in muscle from mdx mice. Fast muscles of the mouse, 
and more precisely type I Ib fibres, contain a high con- 
centration of the Ca-binding protein parvalbumin, 
amounting to about 0.5 mM (as in fast muscles of fish 
and amphibians) [15,16]. This is unique to very small 
mammals and the parvalbumin content sharply de- 
creases as the size of the animal increases; it is undetect- 
able in man [16]. Parvalbumin can act as an intracellular 
Ca-buffer and promote fast relaxation of muscle by 
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binding calcium [17]. We hypothesize that in muscle 
from mdx mice, parvalbumin prevents a significant rise 
in cytosolic Ca 2+ concentration and the subsequent pro- 
teases activation so that dystrophy remains benign. In 
apparent contradiction with the above hypothesis, one 
group reported that parvalbumin content is reduced in 
fast muscle from mdx mice, a finding attributed to a 
large content of immature fibres which poorly express 
parvalbumin [18]. This interpretation should be re-ex- 
amined as parvalbumin continuously leaks out muscle 
cells: its plasma concentration is about ten times higher 
than for normal old mice [19]. This suggests an in- 
creased turnover rate of parvalbumin in mdx muscle. 
The present report shows that the parvalbumin mRNA 
content is specifically increased in fast muscle from mdx 
mice. 
2. MATERIALS AND METHODS 
Tibialis anterior, soleus and ventricle muscles were dissected from 
l-year-old C57 and mdx mice, immediately frozen in liquid nitrogen 
and stored at -80°C. Total cellular RNA was prepared by the gua- 
nidium isothiocyanate method [20] and analyzed by Northern blot 
analysis. 5 I0 ~g total RNA of each muscle (measured by spectro- 
photometry) were denaturated with deionized glyoxal [21], fraction- 
ated by electrophoresis on 1% agarose gel in 10 mM sodium phosphate 
pH 7 and transferred toa nylon membrane (Hybond-N, Amersham) 
by capillarity in 20 x SSC. Parvalbumin DNA probe was excised from 
the pPVD21 plasmid by EeoRI [22]. Glyceraldehyde phosphate dehy- 
drogenase (GAPDH) cDNA [23] and actin cDNA probes were used 
as controls. The probes were labeled with [~-32P]dCTP by multiprim- 
ing (Amersham). The blot was hybridized overnight at 68°C in a 
buffer containing 3.5 x SSC, 1 x Denhardt, 125 mM phosphate buffer, 
0.5 mM EDTA and 200 ,ug/ml salmon sperm DNA, washed and 
autoradiographed as previously described [23]. Specific radio-labeled 
bands were quantified by two-dimensional densitometry (Lecphor 
image analysis program of Biocom, 91942 Les Ulis, France). As a 
check, radioactive blots were directly counted (Phosphor-lmager, Mo- 
lecular Dynamics) with the same relative results between the different 
bands. 
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Fig. 1. Montage of 3 Northern blots. According to the molecular weight of the mRNAs, each blot was cut to allow hybridization i separated 
baths with the different cDNA probes. For each experiment, mdx muscle and its homologous control were simultaneously treated. As said in 
Section 2, the image was digitalized and the bands were quantified by densitometry. 
3. RESULTS 
Based on spectrophotometric measurements, total 
RNA content per muscle weight was found to be 1.6- 
fold higher in mdx than in C57 skeletal muscles, a value 
very close to previously reported ata [6,24]. This obser- 
vation reflects a nonspecific increase of the relative rate 
of protein synthesis [6], even in adult mdx mice, when 
fibres no longer undergo cycles of degeneration and 
regeneration [25]. 
As total RNA contents were higher in mdx than in 
C57 muscles, the amount of specific mRNAs were ex- 
pressed per unit actin mRNA taken as a reference. 
Actin gene was indeed considered as a housekeeping 
gene, as its mRNA had been shown to be proportional 
to the total RNA content [24]. 
In one report, the decrease of parvalbumin content in 
fast muscles from mdx mice was attributed to an impor- 
tant proportion of immature regenerating fibres which 
do not express parvalbumins [18,26]. To check this 
point, GAPDH expression was chosen as a regeneration 
marker, as it was reported to be specifically activated 
during skeletal muscle development [27]. We found that 
GAPDH mRNA content was not specifically increased 
in adult mdx skeletal muscles in comparison with C57 
samples (104 + 8%, n = 4, see Fig. 1), confirming that 
the regeneration rate is very low at this age [25]. 
Specific hybridization with a parvalbumin cDNA 
probe revealed, in fast muscle preparations, two mRNA 
bands (1000 and 700 nt) [28]. For both these parvalbu- 
min mRNA types, we noted a specific increase 
(150 + 10%, n = 5 and 157 + 10%, n = 5, respectively) 
in tibialis anterior muscle of mdx mice in comparison 
with C57 preparations (Fig. 1). As expected, parvalbu- 
min mRNAs were not detected in extracts from slow 
(soleus) and cardiac muscles, which do not contain par- 
valbumins [29]. 
Thus, in mdx muscles, the total RNA content was 
1.6-fold increased and the parvalbumin mRNA pre- 
sented a relative over-expression f 1.5-fold. Altogether, 
the expression of parvalbumins was thus 2.4-fold higher 
in fast mdx muscles than in C57. As far as individual 
fibres are concerned, this probably constitutes an un- 
derestimation, as the content of fibres IIb, the only 
fibres which synthesize parvalbumins [30], is diminished 
in mdx fast muscles [31]. 
4. DISCUSSION 
In contrast o the evolution of Duchenne dystrophy 
in humans, muscles in mdx mice do not longer degener- 
ate in the adult state. The increased content of RNA in 
fast mdx muscle, reported here and in [6,24], suggests 
that this apparent healthy state results from an in- 
creased protein turnover, sufficient o balance an in- 
creased protein degradation. 
We reported here that parvalbumin mRNA content 
was higher in mdx fast muscle than in controls. It is not 
clear which step is critical for this adaptation: increased 
gene transcription or reduced mRNA degradation. 
However as translation efficiency seems identical in 
mdx and C57 mice [6], we can suppose that parvalbumin 
expression was significantly enhanced in mdx fast fi- 
bres. This was not observed in soleus muscle, which, in 
the mouse, contains both type I and type IIa fibres in 
about equal proportions [31]. This suggests that the 
increased expression of parvalbumin is specific of type 
IIb fibres. 
In spite of this increased expression, the parvalbumin 
content of mdx fast muscle is either decreased (as in 
tibialis anterior, [18]) or normal (as in extensor dig- 
itorum longus, [31]). This reflects adynamic equilibrium 
between increased expression and continuous loss of 
parvalbumin from mdx fibres [19]. Through this parval- 
bumin efflux, large amounts of calcium may be expelled 
from the fibres. Indeed, considering intracellular free 
concentrations of calcium and magnesium around 
50 nM [7,12] and 0.5 mM [32], respectively, and Kd's of 
parvalbumin of 10 8 and 10 -4"1 [17] for the two ions 
respectively, around 40% of the parvalbumin content is 
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expected to be loaded with ca lc ium (in the rest ing state). 
Thus  a combinat ion  o f  increased express ion and leak- 
age o f  the prote in  into the serum could  prov ide  mdx fast 
fibres with a compensatory  mechan ism against ca lc ium 
over load.  
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